Objective: Penetrating atherosclerotic ulcer (PAU) of the aorta is defined as an atherosclerotic lesion with ulceration of the aortic intima and media and rupture of the internal elastic lamina. PAU induced aortic dissection, aortic rupture, and secular aortic aneurysm and typically occurs in elderly hypertensive patients with severe atherosclerosis. Although it has been reported that atherosclerosis similarly occurs in the abdominal aorta, its natural history and treatment are still unclear. This study investigated the clinical features, natural history, and treatment of PAU of the abdominal aorta. 
SubjectS and MethodS
Between April 2006 and March 2009, we treated 76 patients with abdominal aortic aneurysm in 2 institutions, and the cause of the aneurysms was considered to be PAU in 4 patients (5.3%). Patients with infectious disease, Marfan syndrome, or a history of trauma were excluded. In the 4 patients and 61 previously reported patients with PAU/rupture/isolated dissection of the abdominal aorta in the literature (total, 65 patients), the clinical characteristics, natural history of PAU, and treatment methods were evaluated.
reSultS
The mean age of the 4 patients was 63.5 years. Hypertension and hyperlipidemia were observed in all and 3 patients, respectively, and had been treated with oral drugs in all patients. None of the patients had peripheral vascular disease or carotid artery lesion. One patient had a history of emergency operation for impending rupture of a thoracic aortic aneurysm.
Two patients were asymptomatic. Abdominal pain and low back pain were observed in 1 patient each. Since the patient with abdominal pain showed the acute progression of anemia and CT findings of intra-abdominal hemorrhage, strongly suggesting aortic rupture, emergency operation was performed.
The preoperative definite diagnosis was made based on CT findings in 3 patients and MRI findings in 1. In the patient diagnosed using MRI, CT was avoided due to moderate renal dysfunction and a history of suspected contrast agent allergy. In the patient with intra-abdominal bleeding (Patient 1), there was a saccular aneurysm with a thrombotic cavity that anteriorly protruded from the abdominal aorta at the level of the third lumbar vertebra but no findings suggesting bleeding in the retroperitoneal space around the aorta (Fig. 1) . In Patient 2, a saccular aneurysm protruding to the lumbar vertebral body was observed, and its cavity was almost thrombosed (Fig. 2) .
All patients underwent replacement with a knitted Dacron graft. No stent graft was used in any patient. Vascular reconstruction was performed using a straight graft in 3 patients and a bifurcated graft in 1, but reconstruction of the renal artery or IMA was not performed in any patient. During the operation, aortic or aneurysmal rupture was observed in 2 patients. There was no hematoma in the retroperitoneal space in the 2 patients with rupture; direct bleeding into the intra-abdominal cavity was observed in 1 patient, and penetration into the lumbar vertebral body, in the other.
Mycotic aneurysm was denied in all patients by pre-and intraoperative examinations. Pathological examination revealed marked atherosclerotic changes such as atheroma formation and cholesterin crystal deposition in the aortic intima, almost complete rupture of the intima and media, and replacement of all layers by fibrous tissue in Patients 1 and 3 (Fig. 3) . In Patient 2, histopathological evaluation was inadequate because of the absence of the aneurysmal wall, but it revealed hyaline thickening of the intima of the aortic wall, marked atheromatous changes, and calcification, indicating severe atherosclerotic changes. In Patient 4, histopathological examination was not performed. No perioperative complications developed. All patients showed a favorable postoperative course and were discharged. To the present, 6-15 months after the operation, none of the patients has had any notable problems.
The clinical characteristics of our 4 patients are shown in Table 1 .
Our patients and the 61 previously reported patients with PAU / aortic rupture / isolated dissection of the abdominal aorta during the previous 15 year period in the literature (total, 65 patients) were evaluated. There have been many reports of isolated abdominal aortic dissection, but acute, iatrogenic, or traumatic cases were excluded since this was a study on PAU. Hypertension was observed as a complication in 60% of the patients, and coronary artery disease and peripheral vascular disease in 23% each. Symptoms were present in 53% of the patients, and abdominal pain, low lumbar pain, and shock due to aneurysmal rupture or impending rupture were frequently observed. There was also lower limb embolism with PAU as its source in 9.2% (n = 6). 40% (n = 26) of the patients were asymptomatic. The diagnosis was made using CT in many patients (88%, n = 57), but angiography and MRI were also useful for diagnosis. Concerning treatment methods, the course was observed with drug administration in 7 patients, of whom 1 died during the course observation. The other 58 patients (89%) were actively treated by open surgery (46%, n = 30) or stent grafting (43%, n = 28). Two patients died during the perioperative period. One of them was in shock before the operation, and developed intestinal necrosis after the operation and died of sepsis. The other developed aorticduodenal fistulation, underwent surgery twice, transiently improved, but subsequently developed pneumonia, and died of sepsis 4 months after the initial operation.
Characteristics of 65 patients are shown in Table 2 . dIScuSSIon
In 1986, Stanson et al. defined PAU as "an atherosclerotic lesion with ulceration in the vascular wall that penetrates the internal elastic lamina and media." 1) Classically, PAU was considered to frequently occur in the descending aorta in elderly people with marked atherosclerosis. However, atherosclerotic changes also frequently develop in the abdominal aorta as well as the thoracic descending aorta, and abdominal aortic diseases due to PAU have also been reported. The progression of PAU induces saccular aneurysms, aortic dissection, or aortic rupture. In particular, in the abdominal aorta, aneurysm formation is considered to occur more readily than dissection. 2, 10) Differentiation among these complications, as well as PAU, is often difficult, and there is a mixture of various pathological conditions. Batt et al. and Tsuji et al. stated that an ulcerative lesion not extending beyond the aortic wall on angiograms or CT images should be added to the definition of PAU. 2, 16) Therefore, saccular aneurysm, aortic rupture, and isolated abdominal aortic dissection are complications due to the progression of PAU. Isolated dissection was observed in 1 of our 4 patients and a saccular aneurysm in 3 patients, of whom 2 developed aortic rupture. In a strict sense, these conditions are complications of PAU. In this study, 30% had PAU without complications while 70% showed complications such as a saccular aneurysm, IMH, aortic rupture, or aortic dissection.
For the diagnosis of PAU, ulcer visualization using angiography was conventionally considered being useful. Stanson et al. performed angiography of the thoracic aorta in 684 patients, and observed PAU in 2.3%. 1) However, since evaluation is performed in only one direction, and evaluation of the aortic wall is impossible with angiography, lesions might be overlooked. At present, CT allows the rapid and straightforward evaluation of the aortic cavity and wall and diagnosis based on medial deviation of intimal calcification and the presence of an intramural hematoma lateral to the calcification. In this study, the lesion was diagnosed using CT in many patients (89%). PAU is a pathological condition in the presence of systemic atherosclerosis as a predisposing factor, and therefore, can be multiple. Tsuji et al. described the necessity of complete evaluation of the aorta once PAU was detected. 16) Multi-detector CT, recently developed, may be particularly useful for diagnosis because extensive, detailed information on the aorta can be straightforwardly obtained. In addition, MRI has been reported to be helpful in diagnosis because the signal intensity of the aortic wall increases in the presence of PAU on both T1-and T2-weighted images. 16, 19) The natural history of PAU is still unclear, and opinions are also divided concerning the timing of treatment. Emergency operation is naturally necessary in patients showing persistent abdominal symptoms, a rapid increase in PAU, or unstable hemodynamics. However, some studies have shown a favorable prognosis of PAU that is frequently observed in elderly people even without active treatment. As shown by the pathological tissue of our patients, the intima and media of the aortic wall had been almost ruptured in saccular aneurysms due to PAU, increasing the risk of bleeding compared with common fusiform aneurysms. Goldstein et al. reported a case of PAU that ruptured 1 month after diagnosis. 4) Quint et al. followed up 38 patients with PAU (56 sites) using CT, and reported the progression of PAU and development of complications in 1/3 of the patients, suggesting difficulty in predicting the course of PAU based on CT findings. 12) Concerning saccular aneurysms, Vorp et al. reported the importance of the shape and symmetry, in addition to size, to evaluate the risk of rupture and stress on the arterial wall. 28) Hollier et al. recommend surgery for asymmetrical saccular aneurysms due to the risk of rupture irrespective of their size. 29) In 2 of our patients, aortic rupture occurred, and aortic or aneurysmal rupture was observed in 23% (n =15) of all patients including those in the literature evaluated in this study. Therefore, we consider that treatment should be initiated as early as possible in relatively young active patients. As another cautionary item, in Patient 1, since preoperative CT revealed no hematoma around the saccular aneurysm or abdominal aorta and the presence of only ascites in the abdominal cavity, the diagnosis of aneurysmal rupture was difficult. In this patient, mass bleeding could be avoided due to intra-aneurysmal hematoma. However, the possibility that saccular aneurysms penetrate directly into the abdominal cavity, not bleeding into the retroperitoneal cavity, depending on the aneurysmal extension direction should be taken into consideration.
Isolated abdominal dissection is rarely observed compared with aneurysms, accounting for 0.4%-2% of all aortic dissections. 14, 21, 22) This tendency is due to a decrease in elastin in the aortic wall from the chest to the abdomen. 20) However, in the abdominal aorta unlike the thoracic aorta, changes in the media such as cystic medial necrosis rarely occur, and the presence of PAU may be closely associated with the development of abdominal aortic dissection. The onset of this dissection is often acute with symptoms such as abdominal and low back pain, but some cases are asymptomatic and incidentally detected. In some cases, there is no pain associated with dissection itself, and the dissection is manifested by branch ischemia due to the false lumen. 22) Invasive treatment such as surgery and stent grafting are indicated in acute or symptomatic cases, but course observation including periodical evaluation using imaging techniques is recommended for asymptomatic or chronic cases. 14) In our patient with isolated dissection, the course was observed, but surgery was selected due to its rapid increase after 1 year. However, there are no clear indications for surgery when isolated dissection leads to aneurysm formation, the risk of rupture is high compared with true aneurysms. 10, 14, 22) Therefore, irrespective of the size, carefully observation is necessary.
As another complication, thrombosis in the ulcer, causing thromboembolism in the peripheral artery, has also been reported. In this study, lower limb arterial thrombosis with PAU as the thrombosis source was observed in 9.2% (n = 6). When there is no cardiogenic thrombosis source, the necessity of suspecting the presence of PAU as a cause of embolism has also been suggested. 2, 30) Concerning treatment methods, anatomical vascular reconstruction using vascular grafts, are generally performed. In recent years, stent grafts have been introduced, and treatment experiences with them for PAU and saccular aneurysms have been reported. Since the lesions of PAU, saccular aneurysms, or isolated abdominal dissection are localized, an adequate landing zone can be obtained. Therefore, compared with fusiform aneurysms, the risks of migration and endoleak as complications specific to stent grafting decrease. 2, 8, 11, 16, 17, 21, 24) In the future, stent grafting as well as surgery will be a treatment choice based on the patient's general condition and preoperative activity.
concluSIonS
We reported 4 patients with abdominal aortic disease caused by PAU, along with a review of the literature.
PAU was conventionally considered to frequently develop in the thoracic aorta, but it may be a severe lesion that can similarly occur in the abdominal aorta and cause aortic dissection, saccular aneurysm, or aortic rupture.
Patients with symptoms such as chest/abdominal pain or low back pain and those showing a rapid increase in PAU should be treated as soon as possible if they can tolerate surgery. Surgery should be recommended to patients with saccular aneurysms, and strict course observation is necessary in those with isolated dissection.
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